Two cases of growth failure, microcephaly, facial dysmorphism, muscular hypertonia, and severe psychomotor retardation are described. At birth, both cases had cytogenetic mosaicism in lymphocytes and skin fibroblasts, in case
Recently, a new mechanism leading to uniparental disomy (UPD) was established in two independent cases.' Both persons had abnormalities of chromosome 21 at birth but blood cells with a normal karyotype predominated later in life and the abnormal cells disappeared. Uniparental isodisomy was found in the normal cells. The UPD in these persons was the result of duplication of a chromosome in mitosis after the loss of the homologous abnormal chromosome. It was present only in lymphocytes. The duplicated chromosome 21 was inherited from the father in one case and from the mother in the other. The duplication was seen as a mechanism for cell survival which provided a selective advantage for the cell population with the normal number of chromosomes 21, and was called "compensatory" isodisomy. We report here the phenotypes of the two persons and the possible significance of the different cell lines.
Case reports CASE 1 The proband, a female, was the first child of a healthy, unrelated couple from India. She was born to a 26 year old mother and a 25 year old father in June 1988. There is a normal younger brother.
The pregnancy was normal. After prolonged labour and cardiac decelerations, the child was born by breech delivery. The Apgar score was 4 at one minute. Following stimulation and bag and mask ventilation it improved to 6, 9, and 10 after five, 10, and 20 minutes. Estimated gestational age was 37 weeks (Dubowitz score). Weight was 1700 g, length 43 cm, and head circumference 29 5 cm. The facies was abnormal with malformed, large, low set ears, downward slanting palpebral fissures, mild telecanthus, a broad nasal bridge, divergent strabismus, a cleft lip, and micrognathia (figs 1 and 2). There was a short neck, an umbilical hernia, and flexed joints (fig 1) . A 2/6 systolic heart murmur was heard in the second left parasternal space. Echocardiography (ECG) and x rays of the chest indicated a patent ductus arteriosus without haemodynamic significance. Muscle tone was increased and asymmetrical. The cry was high pitched. On cranial sonography, the lateral ventricles were moderately enlarged.
At 2 months the child was discharged from hospital. Recurrent urinary tract infections have occurred since then, with no anomalies seen on sonography. At 7 months the cleft lip was repaired and the divergent strabismus and dysplasia of the left hip (sonographic stage Graf IIB) were noted. The hydrocephalus had become more marked. At 16 months the child had febrile otitis. A convulsive disorder became apparent and was treated with primidone. At 23 months height was 75 cm (-3-5 SD), weight 8100 g (-3 SD), and head circumference 42 cm (-4 SD). the eyes and bilateral blepharochalasia. The nose was broad with a prominent nasal bridge. On the tip of the nose there was a dimple from which a light streak ran downwards centrally to the philtrum. The mouth was broad and there was a midline cleft palate. The mandible was small and receding. The hands and fingers were very slender. On the right hand the second and fourth finger overlaid the third finger. The first finger of both hands was adducted. The left foot was in calcaneovalgus position and the right foot was inverted. The nails of all fingers and toes were rudimentary. A rough systolic murmur was heard to the left of the sternum. Skeletal radiology showed 13 ribs on the left and hemivertebrae of the tenth and eleventh thoracic vertebrae.
The proband has been seen every second year. She has always lived at home.
Growth has been severely retarded. At the age of 6 years 5 months weight was 10 kg, height 97 cm, and head circumference 43 cm. At 9 years 10 months weight was 14 At birth, the proband had a mosaic karyotype of partial deletion of the long arm of chromosome 21 (del(21)(q22.1-.qter) or for simplicity 21q-) and monosomy 21 in blood lymphocytes and skin fibroblasts.2 At the age of 12 years, the monosomy 21 cell line had disappeared in lymphocytes, the number of cells with 21q -had greatly decreased, and the majority of cells had two normal chromosomes 21. In contrast, the fibroblast karyotype at all ages showed the 21q -deletion. In the 46,XX cell line the satellites on the short arms of chromosomes 21 were different (the short arm of one chromosome was identical to that of the 21 q -chromosome; the short arm of the other was identical to chromosome 21 in the monosomic cell line). The parental karyotypes were normal. Cell lines from the proband have been established.
DNA studies Both cases are described in detail by Petersen et al.' Probability of non-paternity was less than 10-5.
CASE 1
The 46,XX cells were studied using blood taken at the age of 23 months and 17 different DNA polymorphisms spanning the interval D21 S215 (21 - GT 14) to COL6A1 (the closest 13 Mb from proximal 21q).'4 In a single case study, deletion of 21q1 -q21.2 was linked to downward slanting palpebral fissures and mouth, large ears, muscular hypertonia, skeletal anomalies, and normal intelligence.'2 On the molecular level, the severe mental retardation with the monosomy 21 phenotype was associated with a deletion between loci D21S17 and D21S44.'5 Case 1 has a number of these features (muscular hypertonia, severe mental retardation, downward slanting palpebral fissures, large ears) although her deletion is outside these critical regions.
From these data it seems most likely that in case 1 the phenotype was determined by the monosomic cells. It is of interest here that the lymphocyte cultures from case 1 contained more cells with monosomy 21 than with r(21) (table 1). This can result from frequent mitotic losses of the ring and from clonal growth of the monosomy 21 cells (true chromosomal mosaicism).
With respect to the phenotype and the extent of the cytogenetic deletion, case 2 shares similarities with a case reported in 1979 by Yamamoto et al. '3 Features present in both cases included intrauterine growth failure, developmental delay, increased muscle tone, microcephaly, short neck, and flexion deformities. In addition, that child had microphthalmia, preauricular pits, and severe micrognathia, that is, morphogenetic defects of the first and second branchial arches.'3 Branchial arch defects (facial asymmetry, macrostomia, small ears, preauricular skin tags) were also present in two other cases.8 The gene(s) responsible were tentatively located between loci HMG14 and D21S112 on distal 21q.8 The molecular assignment agrees with the absence of branchial arch anomalies in case 1 and their presence (facial asymmetry, microtia) in case 2.
We can postulate for both cases described here that during fetal development, all the cells (for example, neurones) had an abnormal karyotype. With the isodisomic cells being present only in lymphocytes, an improvement of the clinical course as the result of isodisomy could not be expected. The rapid change of karyotype in the blood indicates that the isodisomy provided a selective advantage for the lymphocyte population with the normal karyotype. Persons with r(21) are at high risk for leukaemic disorders.16'9 The compensatory isodisomy might reduce this risk.
The two cases illustrate a new mechanism leading to uniparental disomy,' and they show that this new mechanism has the potential to result in false normal cytogenetic findings. This underlines that karyotyping using fibroblasts must be recommended in cases with a phenotype of a chromosome aberration and a normal karyotype from blood.
The incidence of compensatory isodisomy is not known. We know of one case where compensatory isodisomy might possibly be suspected, with karyotypes of 46,XX/45,XX, -21 in blood and 46,XX,-21,+r(21) in skin.20
